Abstract. This paper explores the design of computerbased systems that support the management of organisational knowledge. The information systems notions of databases and information architectures are extended to the search for a meaningful conceptual structure by which collective knowledge can be supported by existing information technologies. An "architecture" is presented where the key unit of analysis is human activity as proposed by the cultural-historical activity theory. This architecture has the richness of the activity theory philosophy and yet addresses the issues of practical implementation from both the technical and organisational perspectives. The paper articulates the architecture and also reports on a study where its effectiveness was evaluation by a target group. An implementation of the architecture is also introduced.
Introduction
In the current turbulent commercial environment, many firms are recognising that their organisational knowledge is an important resource for corporate success (Holsapple & Joshi, 2000) . The rise to prominence of knowledge management (KM) initiatives, projects and systems reflects the widespread recognition that fundamental changes are taking place in the way companies do business (Mentzas, Apostolou, Young, & Abecker, 2001) . Advances in information and communication technologies (ICT) have heightened this interest in knowledge as a strategic resource (McLure Wasko & Faraj, 2000) , and KM can be viewed as the latest in a long line of applications of ICT for providing business solutions in organisations (Bollinger & Smith, 2001 ). However, as Choo (1998) observes, the question of how organisations can use ICT for KM is much harder to answer than it sounds. Schultze and Boland (2000) report that systems designers * * E-mail: helen hasan@uow.edu.au do not have accepted models for the large invisible and complex nature of work that knowledge management systems (KMS) are expected to support and that there is a critical lack of understanding by technologists of the situated work practices of user communities. To complicate matters, KM is clearly an interdisciplinary research area, with a consequent confusion of terminology, and a cross-functional area in practice, where there is disagreement as to whether KM should be considered an ICT issue, a human resources issue, a procedural issue or a part of strategic management (Bollinger & Smith, 2001) .
A way forward may be to follow the pragmatic view of Alavi and Leidner (1999) and describe KMS as an evolution of information systems into computer-based systems designed specifically to facilitate the sharing and integration of knowledge. That is not to say that such systems actually store knowledge but rather manage information in such a way as to be an effective tool for KM. Researchers and practitioners in information systems have, over several decades, developed and refined techniques for modelling the real world, and these techniques are routinely used to design a large range of computer-based business systems. The resulting systems invariably have an "architecture" determined by some practical "unit of analysis", such as a "record" in a relational database, an "object" in an object-oriented (OO) program or a "rule" in an expert system. Given the close relationship of organisational knowledge to work practices, it is proposed that a promising "unit of analysis" for the architecture of KMS is that of "activity", as determined by the cultural-historical activity theory (CHAT).
This paper describes an "activity-based architecture" and presents the results of an evaluation of its suitability and effectiveness with a group of professionals who would be typical users of this approach to KM. The paper will conclude with a brief description of how this architecture can be implemented in currently available ICT, reconciling the incongruence between the prescriptive requirements of computer-based information systems and the nebulous nature of organisational knowledge.
ICT and KMS
There is no doubt that organisations are looking to information technologies for solutions to their KM efforts. Today's complex organisations need to constantly adapt to a changing environment, so that notions of "wanting to know" (Introna, 1997) or to "make sense" (Weick, 1995) of the world is a factor in the quest of managers for technology that supports KM. However, there are reports of low success rates of around 30% for KM type systems, attributable to technologists' lack of understanding of the situated work practices of user communities (Schultze & Boland, 2000) . A survey by Ernst and Young (reported in Holsapple & Joshi, 2000) found that KM efforts have so far concentrated on achieving productivity gains through systems that manage structured, codified knowledge. In contrast, the survey found that executives see the greatest future payoff from KM as innovation through proactive knowledge creation. The challenge therefore is to translate into workable systems the results of insightful research on how KMS could, or should, support communities of practice.
In practice, most KM projects attempt either to create knowledge repositories or to promote knowledge sharing, so that new tools are being built with the specific purpose of applying and deploying knowledge. To date, most of these tools have been overlays to existing databases, internet portals or document management systems for the creation, storage and reuse of texts in computer-based "corporate memories". Group support systems and the results of research into computersupported cooperative work may also be a part of the KM solution. Wiig (1999) suggests that future KM tools will come partly from information systems and partly from people-centric practices. However, he warns that there is a long way to go and notes that even the next generation of KMS will be crude.
It is therefore useful to consider KMS not as new types of systems that "manage knowledge" but as special information systems that support KM. So, rather than assume that a completely new approach is needed, it could be acknowledged that there is a wealth of experience in techniques for building effective information and data management systems that could be applied to the development of KMS. These techniques include process and data-flow modelling, entity-relationship modelling, OO analysis, rule-based knowledge structures, keyword documentation classifications, hyper-linked web pages and so on. Expertise in using these techniques to develop information systems is held by analysts and designers in a way that could be adapted and channelled into KM, so that existing information systems methodologies could be expanded to include the human knowledge dimension. The main challenge for this expansion may be to choose an appropriate unit of analysis to provide a means of identifying the "real phenomenon of interest" (Boland & Tenkasi, 1995) .
A unit of analysis that would be a suitable building block for an effective architecture would be required to encompass the many diverse and contradictory elements in KM. There are candidates such as knowledge objects, knowledge assets, knowledge-creating activities (Mentzas et al., 2001) and KM episodes, such as making a decision, solving a problem, conducting an experiment and performing a scenario analysis (Holsapple & Joshi, 2000) . Fowler (2000) approaches this diversity by recognising the existence of different ways of conceptualising and representing knowledge through, for example, anecdote, metaphor or diagram. The same piece of "knowledge" can be used in different ways, depending on the context and the transformation process involved in satisfying goals from information inputs. The following section of the paper will present the argument for basing KMS on an architecture that uses "activity" as the unit of analysis and can be implemented with current technologies and methodologies.
Activity as a Unit of Analysis
There are several researchers who are using frameworks based on the CHAT for work related to KM. CHAT provides a unifying approach to the study of what people actually do. It provides a meaningful unit of analysis, incorporating culture and history, which is both situated and contextual. Engeström's (1987) research, using activity systems as cycles of expansive learning in work practices, is the best-known, but not the only, application of the theory. Blackler (1993) investigated knowledge by considering organisations as socially distributed, collective activity systems, which include the significance of history and a prevalence of incoherence and dilemma. Hasan (2000) has identified the pivotal role of the sense-making activity in executive decision making. Choo (1998) appreciated the mediated, situated and pragmatic aspects of the CHAT approach to organisational knowing. Kuutti and Virkkunen's (1995) research on learning network organisations focuses on the relationship between organisational memory, team work and organisational learning. They investigated candidates for the unit of analysis, which included a rational, management-driven approach, a learning-by-doing approach, and one of encoding practice into routines, but they concluded that an approach based on CHAT was most appropriate. They use activity systems as a representation of a common object of work, saying that organisational learning cannot be studied by reducing the scope to one or another element, but that a minimum meaningful system as a whole should be taken as the unit of analysis and intervention.
The CHAT is a psychological theory that has its roots in the work of the Russian psychologist Vygotsky during the first half of the 20th century (Vygotsky, 1978 ). Vygotsky's important insight into the dynamics of consciousness was that it is essentially subjective and shaped by the history of each individual's cultural experience. Vygotsky's work was continued by others, amongst them Leontiev, who developed a conceptual framework for a complete theory of human activity (Leontiev, 1981) . Activity theory is based on the idea that human activity is a dialectic relationship between subject (person) and object (purpose), a relationship that is mediated by cultural signs, words and tools.
A full exposition of CHAT is available from the works of others (such as Nardi, 1996) , so that only two specific structural aspects of activity will be described in this paper and used in the architecture detailed in the following section. The most important of these are the mediating roles of tools and communities on the subject-object relationship at the core of an activity. This is commonly depicted by Engestrom's triangle shown in Fig. 1 . According to CHAT, tools can be physical artefacts or nonphysical entities, such as language and ideas. A second important structural aspect of CHAT is Leontiev's hierarchical nature of activity (Fig. 3) . In summary, CHAT provides a unifying holistic approach to the work of organisations incorporating culture, history, situation and context, allowing for contradictions and unintended (Engeström, 1987) .
consequence of systems. The significant difference that CHAT brings to the study of KM is that it places the focus of study on the activities that are carried out by people in support of their interpretations of their role, the opportunities available, and the purpose for which the organisation exists.
The Activity-based Architecture
There are three aspects to the architecture described here that should be kept in mind as it unfolds: One it that the architecture is designed to be implementable in a practical computer-based system and so is quite pragmatic. A second aspect is that activity theory is most appropriate for the work of innovative or strategic groups or communities of practice and may not be applicable to an entire large organisation. Thirdly, the architecture adheres to the principle of CHAT but does not claim to be complete or comprehensive in its use of these principles. (Engeström, 1999) . The community in which the subjects carry out that activity Rules
The formal and informal rules that the community imposes on the subject Division of labour Relationships in the community that determine the roles that subject have in carrying out the activity Fig. 3 . The hierarchical structure of activity (Leontiev, 1981) . Table 1 Relationships between those activities Actions and operations by which activities are carried out An historical record of the above elements
The activity-based architecture combines the activity systems of Engeström (see Figs. 1 and 2 and Table 1 ) and the activity hierarchy of Leontiev (see Fig. 3 ). These have been integrated into an explicit set of definitions and diagrams that have been shown, in previous research (Hasan, 2000) , to be meaningful to strategic managers. This set of CHAT elements, summarised in Table 2 , are then integrated into a workable architecture.
The elements of a single activity
As mentioned previously, an "activity" is the fundamental unit of analysis of the architecture. Engeström's triangular representation of Vygotsky's concept of activity (Fig. 1) will be used as a means of identifying and representing each activity. This image shows the central subject-object relationship of the activity leading to outcomes and being mediated by tools (instruments) and the community. The community imposes rules on the subject and establishes the division of labour needed to conduct the activity, which is defined by its object. The components of this representation of an activity are listed and described in Table 1 .
Before proceeding to the relationships between activities and the hierarchical structure of Leontiev, examples of the practical application of the activity view of group work will be given as follows. Most groups have one or a very few core activities such as those identified in the group's mission statement. The activity-based approach begins by identifying these activities by their purpose, for example, to conduct research into KMS. The subjects (people) engaged in that activity are then identified, the intended outcomes are established as also the tools (resources) required by the activity. In addition, there are other activities conducted by the group that must be identified. These activities usually support the central activities, such as group management, or result from the central activities, such as publishing reports of outcomes.
The relationships between activities
Relationships between activity systems have been the topic of much of Engeström's research, and Fig. 2 , taken from his work, is a useful guide because it shows some typical relations between one activity and its neighbours. In this diagram there is a central activity and five others, although there could be more. Three of these, those on the left, are quite straightforward. The instrument-producing activity creates the tools to be used by the central activity. For example, a curriculum development committee may produce a curriculum that is used by the central activity of a teaching unit. The subject-producing activity could be one to train people for specific skills used in the central activity. Similarly, the rule-producing activity could produce rules or guidelines that govern how members of the group should act when conducting the central activity; for example, they might determine how people handle disputes in their community. The relationship that has guided most of Engeström's research into learning by expanding is shown at the top right of Fig. 2 , where a new activity is a more advanced form of an older activity. This is how CHAT can be used to represent historical changes and incorporate a time dimension crucial to the management and creation of knowledge. A means of incorporating this time dimension into a KMS is an important aspect of the architecture presented here.
The hierarchy of activity, actions and operations
In assisting groups to identify their activities in the architecture, it should be made clear that activities are usually associated with long-term functions of the group and always have a significant purpose or "object". Leontiev's hierarchy, shown in Fig. 3 , plays a useful role in distinguishing between "activities", driven by motives, and the other levels of the CHAT hierarchy. Activities, at the top of the hierarchy, are carried out by means of "actions", undertaken to achieve specific "goals", while "operations", at the bottom of the hierarchy, are the steps used to perform "actions" under specific "conditions". Operations are the easiest to automate and can often be built into an ICT system. There is often a major challenge in making the distinction between activities and actions, as well as in appreciating their dynamic nature where, under different circumstances, actions can become activities and vice versa. Experience dictates that this distinction is best explained with examples, the classic one being Leontiev's example of learning to drive a car (Leontiev, 1981) . The point Leontiev makes is that to an accomplished driver, driving a car is rarely an activity in itself but just an action with a goal "to get somewhere" as part of some more meaningful activity. However, when one is learning to drive, driving itself is the activity where the learner (the subject) has "being able to drive" as the object of that activity. The ability of a work group to manage and create knowledge can be greatly facilitated by making the distinction between activities and actions and then ensuring that the main focus of KM is on the activities and not on the actions. A group can usually agree on what their activities are but not always on the specific goal-oriented actions. Different people can effectively achieve good outcomes from the same activity, using different sets of actions.
Composition of the architecture
The activity-based architecture is summarised in Table 2 .
The following section will discuss how the architecture is being implemented in a KMS and used to support KM in a group.
An Evaluation of the Architecture
The activity-based architecture has been evaluated by the authors for its applicability to the KM of several target groups. One such evaluation will now be described, undertaken by the authors at a planning session of a university academic department consisting of 15 academic staff and three support staff. The main objective of this evaluation was to determine whether members of the group are able to identify the elements listed in Table 2 and agree that this represents a meaningful description of what they do. A secondary objective was to ascertain how a system, based on this architecture, can provide on-going support for the group's work in three stages:
• Planning: setting up the identified elements in the systems, • Input: continuing to input content on group activities into the system, • Output: provide meaningful access to the content of the system to enhance group activities.
At the departmental planning session, participants were given a brief description of the purpose of the exercise and then asked to identify the main activities in which they were engaged. The authors then discussed these with the participants to determine which were indeed activities, rather than lower-level actions, and to identify components of the activities and relationships between them. The results of this discussion are shown in Table 3 . Several activities were then chosen to test whether the participants could identify specific "goal-oriented actions" that were part of the activity and the tools that mediated the activity. For example, in the activity of "teaching", the following actions were identified: preparing class materials, delivering lectures, conducting laboratory sessions, marking assignments and exams, managing tutors, keeping records. Tools included staff offices and computers, teaching spaces, the library, the printery and the teaching resource centre.
The lessons learnt from these evaluations of the activity-based architecture are:
• that the concepts, of activities, their components and relationships, are understandable and meaningful to people who have no knowledge of CHAT itself, and that people can identify these elements in their own work situation.
• that there appears to be some standard relationships between work activities, the main ones being: activities that encompass other activities, activities that support other activities, activities that are instances of more generic activities.
• that there are some common tasks that can be incorporated into a KMS based on work activities, including planning, record keeping, resource allocation, performance evaluation and periodic reporting.
The following section will describe how these results indicate that the activity-based architecture has been used to design a KMS that can support the three stages of planning, input and output, listed at the beginning of this section.
Implementing the Architecture as a KMS

Representing the architecture in a KMS
Implementation of the architecture in a computer-based system requires a graphical user interface (GUI) with an activity screen object, which is interactive and intuitive and linked to an appropriate storage mechanism. A menu-driven GUI systems has an activity screen object, like that one depicted in Fig. 4 , allowing the user to create new activities, click on parts of the object to attached details of subjects, outcomes, resources, progress and links to other activities. The user thereby has a visual representation of all activities, their relationships and their components (for example, see Fig. 5 ). All this information is stored in a suitable repository. This to date has been designed in a set of relational tables.
Creating the repository, together with the system to both store data in it and retrieve information from it, has both technical and human social problems. The technical challenge has been addressed by designing suitably linked tables for activities, components of activities, actions as part of activities and relationships between activities. The design also included tables where historical records of each of these elements can be stored. For example, the subjects involved, the actions planned, even the object of an activity may change over time, and these are not over-written but time stamped and maintained in the repository together with any notes made concerning progress at any time. Thus for each component of the repository, there are a set of notes of activity elements about the history of that element, including minor and major changes to the relationships between them.
One of the human challenges has been to make this interface as transparent as possible, so that entry of activity elements and notes of progress becomes part of the work process and replaces traditional means of keeping track of progress, such as minutes of meetings and periodic reporting. It is essential that people are motivated to do this because it is only through on-going use that the contents of the repository will be filled and become meaningful and useful for KM. This interface has been developed with an evolutionary prototyping method, which includes extensive usability testing as the prototype evolves. Usability of the system is a determining factor for its success.
Using the system to provide knowledge
The aspect of the system that gives it credibility as a KMS is the capability of users to access, in a meaningful way, both the architecture and the information stored in the system as it accumulates. The knowledge retrieval aspect of the system uses a framework based on the multidimensional concepts used in on-line analytic processing (OLAP). In traditional OLAP, quantitative performance information, such as units sold, is made available along dimensions of time, location and product type. Among those experienced in these technologies, it is commonly felt that that the idea of dimensions is a logical way to view data at the corporate level (Frank, 1994) , and database software products have been available over the last few years based on the multi-dimensional structure. The OLAP concepts of drill down and slicing across dimensions enable output from the system that demonstrates how activities have progressed over time, how people are performing across various activities, what resources have been used and so on. In the activity-based KMS, both qualitative and quantitative information can be made available along dimensions that include activities, people, resources and time. For example, users can view progress notes on all activities undertaken by one person and use them for their annual evaluation, or the use of certain resources can be tracked by activity over time. Queries on the storage structure are set up to do this type of analysis. It can be argued that the visualisation of the activities, together with the dimensional presentation of the system's content, provide, to the users of the system, useful knowledge in the form of actionable information.
Conclusion
This research has developed an architecture for KMS where activity is the unit of analysis and builds on the rich concepts of the CHAT. Indeed, one of the contributions of this research is that the development of the KMS architecture is an example of how the CHAT concepts of Engeström and Leontiev, as listed in Table 2 , can be operationalised. Nardi (1998) has observed that one of the limitations of much of the CHAT-based research in organisations to date has been its concentration on description rather than on prescription.
In addition to its firm theoretical basis, the CHAT architecture for KMS has been shown to be understandable to a typical group that would use such a KMS and would also be implementable in current technology. It has been found that people in the groups on which the architecture has been evaluated can identify activities, their components and the relationships between them. They can comprehend the concept of the goal-oriented actions that are undertaken as part of an activity and can appreciate the sense in recording progress structured by these elements. In doing this, the group gains valuable understanding of the work they do by abstracting their work practices and encapsulating them in an activity-based structure.
The following three questions have been identified as important topics for ongoing research:
• Can the KMS prototype based on the activity-based architecture be successfully implemented in a general purpose system that will be appropriate to a variety of contexts? • Can such a system be so integrated into work practices that the activity-based repository will continue to be maintained? Will group members be motivated to keep the data in the system up to date? • How useful will be the dimensional information representation? Can this be considered knowledge making/creation, and will individuals achieve greater understanding of their work as a group from the system?
